Abstract With a trend toward childbearing at more advanced ages, the incidence of pregnancy-associated breast cancer is expected to increase. Nevertheless, the majority of breast disorders in pregnant patients are the same as those in nonpregnant patients, with a few unique exceptions. Although many of the presenting symptoms are similar, the physiologic changes of pregnancy pose unique diagnostic challenges for the obstetrician, gynecologist, and radiologist, which may contribute to a delay in diagnosis of breast cancer. Awareness of benign and malignant breast disorders and a familiarity with current recommendations for the diagnostic imaging evaluation of breast symptoms in the pregnant patient may aid in earlier detection of pregnancy-associated breast cancer and improve outcomes for these women.
Introduction
Annual screening mammography is recommended for asymptomatic women beginning at age 40 years or sooner if they are high risk for developing breast cancer [1] . Pregnant patients, however, are typically younger than age 40 years and not yet of screening age. Thus, a diagnosis of breast disease in these patients is usually not made from a mammographic finding but rather a physical finding, such as a mass, skin changes, nipple discharge, or lymphadenopathy [2, 3] .
Although the majority of breast disorders diagnosed during pregnancy are benign, it is estimated that approximately 1 in 3,000 pregnancies are complicated by breast cancer [4] . Pregnancy-associated breast cancer (PABC) is defined as breast cancer found either during pregnancy or during the first year after pregnancy. During the past several decades, there has been an increase in the incidence of PABC [5] . With the trend toward advanced childbearing ages, the incidence of PABC is suspected to increase further [6, 7] . Invasive ductal carcinoma is the most common type of invasive breast cancer to occur in these patients. A few other cancers have been reported but are significantly less frequent [3, [8] [9] [10] . In cases of PABC, more than 50 % of patients have high-grade tumors, and more than 50 % of patients present with lymph node involvement at the time of diagnosis [8, 10] . Because of a more aggressive tumor and the delay in diagnosis, these patients present with advanced stages of disease and have a poorer outcome than do women of the same age with breast cancer [3, [8] [9] [10] . Recurrences are common and usually appear within 2-3 years of initial diagnosis [8] .
Understanding the effect of pregnancy on various breast disorders, the management of common presenting symptoms, and the diagnostic imaging algorithm for these symptoms during pregnancy may reduce the delay of diagnosis of PABC.
parenchymal density. As a result, the physical examination of the gravid breast can be challenging. Nevertheless, physical examination of a symptom in this patient population is important and can direct the imaging evaluation.
Masses
The majority of breast masses exist before pregnancy but may present as an enlarging or newly painful mass as they respond to pregnancy-associated hormonal changes. Approximately 90 % of patients with PABC present with a palpable mass [2, 3, 7, 8] . Less frequently, breast cancer will present as breast erythema, breast swelling or enlargement, bloody nipple discharge, or local or distant metastasis. Robbins et al. evaluated 134 lesions in 126 pregnant or postpartum women of which 89 % presented with a symptomatic lesion (i.e., palpable finding, nipple discharge, or pain). The remaining asymptomatic lesions included: a) lesions classified as probably benign according to the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS), which were being followed after their initial detection on screening mammogram performed prior to pregnancy; b) lesions called back from screening mammograms performed during lactation; or c) lesions from routine surveillance imaging in patients with a prior history of breast cancer. A palpable mass was the presenting symptom in the majority of patients (64 %) followed by erythema (8 %), pain (5 %), thickening (3 %), bloody nipple discharge (2 %), nonbloody nipple discharge (1 %), milk rejection (1 %), breast firmness (1 %), or dimpling (7 %) [2] . In another study, Ahn et al. evaluated 22 patients with PABC. Of those, 81.8 % presented with a palpable mass. Notably, 18.2 % of those patients diagnosed with PABC presented with unilateral breast enlargement and thickening. Furthermore, in 13 %, palpable lymphadenopathy was detected along with the breast finding [3] .
Benign masses found in both pregnant and nonpregnant women include cysts, fibroadenomas, phyllodes tumors, papillomas, and fat necrosis. Lactating adenomas and galactoceles are unique to the pregnant or lactating breast.
Cysts occur in 10 % of all women. They can produce a palpable lump, can be painful, and can grow and regress rapidly. Mammographically, they appear as hypo-to isodense round or oval circumscribed masses. On ultrasound, they are anechoic masses with imperceptible walls and posterior acoustic enhancement. Internal echogenicity can be interpreted as debris if visualized floating in real time. A complicated cyst, with internal proteinaceous material or blood, is difficult to distinguish from a solid mass and should be aspirated. Painful cysts also can be aspirated under ultrasound-guidance [11] .
Fibroadenomas, which contain stromal tissue and structures suggesting breast ductules, are the most common breast mass presenting in women younger than 35 years. On mammogram, they appear as an isodense, oval, or lobulated mass that may or may not have associated course calcifications. A homogenous, hypoechoic, oval, or lobular solid mass, sometimes with posterior acoustic enhancement, is usually seen on ultrasound. It is oriented parallel to the chest wall. Fibroadenomas may develop or markedly enlarge during pregnancy in response to increased estrogen and can regress in the postpartum period. Their appearance in pregnant or lactating patients is no different than in nonpregnant patients, although a complex appearance with cystic spaces and prominent ducts can be seen.
Biopsy is recommended for fibroadenomas that are newly palpable or increasing in size or those demonstrating suspicious features [11] . Biopsy-proven fibroadenomas require only clinical follow-up to ensure stability or regression in patients who are not yet receiving annual screening mammography [8, 11] . At our institution, biopsy-proven fibroadenomas that are considered radiographically concordant undergo 1-year follow-up in the over-40 or screening population. Several articles advocate that fibroadenomas may be managed with imaging surveillance as opposed to biopsy if there are only benign features on initial imaging and they are nonpalpable [12] [13] [14] .
Lactating adenomas are benign stromal tumors that may represent a variant of fibroadenomas, tubular adenomas, or lobular hyperplasia. They are seen from the third trimester through lactation, and their natural course is regression following the cessation of breast feeding. The sonographic appearance is typically a hypoechoic oval or lobulated mass that can be difficult to distinguish from the surrounding breast parenchyma.
Spontaneous infarction may develop within fibroadenomas and lactating adenomas, usually during the third trimester or after delivery. Clinically, this phenomenon presents as the sudden onset of pain in a previously painless fibroadenoma or lactating adenoma. Infarction can lead to a change in the radiographic appearance of the mass with suspicious findings that require core biopsy for definitive diagnosis [8, 11, [15] [16] [17] .
Histologically similar to fibroadenoma, a phyllodes tumor usually presents as a rapidly enlarging mass. Although there does not appear to be evidence that phyllodes tumors are hormone receptive, they can rarely present as a rapidly enlarging mass in the pregnant, as well as the nonpregnant patient [18] . The mammographic and sonographic appearance is similar to a fibroadenoma, although a complex appearance and cystic spaces can also be seen. Approximately 10 % of phyllodes tumors are malignant [19] with no reliable imaging characteristics to distinguish them from the benign form [11] . There is a low incidence of lung, bone, and liver metastasis. Because benign phyllodes tumors are difficult to distinguish pathologically from malignant ones, the recommended treatment is surgical excision with clear margins to avoid local recurrence [11] .
Intraductal papillomas can occur as solitary or multiple lesions. If solitary, they are typically subareolar, and if multiple they are typically peripheral. The classic clinical symptom is bloody nipple discharge, but they also can cause spontaneous clear discharge. On mammogram, they are usually round or oval, circumscribed, isodense masses that can contain calcifications. On ultrasound, papillomas appear as solid, round or oval, hypoechoic masses, sometimes within a fluid-filled duct. Papillomas produce an intraductal filling defect on MRI and ductography. Treatment is usually surgical excision to exclude the presence of malignancy, although follow-up for papillomas diagnosed by core biopsy is controversial.
Historically, benign papillomas were recommended for surgical excision because of the difficulty to distinguish benign from malignant papillary lesions at pathology. Based on our experience, benign intraductal papillomas diagnosed on core needle biopsy with radiology and pathology concordance may be managed with imaging follow-up rather than surgical excision. Papillary lesions with atypia or classified as complex on core needle biopsy, however, should be surgically excised because of a 6.9 % histologic underestimation of cancer (Kuzmiak, unpublished data).
It should be noted that juvenile papillomatosis can be considered a potential risk factor for breast cancer given its association with carcinoma in up to 15 % of cases, as well as in nearly 50 % of female relatives, for whom follow-up also is mandatory [8, 11] .
Fat necrosis is a benign condition that is commonly the result of trauma of which the patient may or may not be aware. An oil cyst associated with fat necrosis can present as a firm, palpable mass. On mammogram, an oil cyst is characteristically a lucent round circumscribed mass that may exhibit a thin rim of calcification. Its appearance at ultrasound is characteristically an anechoic, circumscribed mass with through transmission at the palpable site and is considered benign. If there is rim calcification of the oil cyst, then there may be a conspicuous smooth curvilinear shadowing originating from the top of the mass, obscuring the inferior portion of the mass. Occasionally, fat necrosis can present as an irregular mass sonographically with indistinct margins with or without an echogenic halo. In these instances, malignancy cannot be excluded. If fat necrosis is suspected based on a history of trauma or ecchymosis at the site, a mammogram may be helpful to confirm the presence of fat or oil cysts to avoid a core needle biopsy. If there is any uncertainty about the precise site of the inciting trauma, biopsy should be performed to exclude malignancy.
Galactoceles are the result of an obstructed milk duct and occur both during and after cessation of lactation. Although the mammographic and sonographic appearance is dependent on fat and water content, a fat-fluid level is a diagnostic sign that can be seen on a 90-degree true lateral mammogram, as well as ultrasound. Additional sonographic features include a round or oval, smooth-walled structure with variable internal echogenicity. Most galactoceles regress over time; however, ultrasound-guided needle aspiration can be both therapeutic and diagnostic, yielding fluid milk [8, 11, 17, 20] .
Inflammation
Mastitis and/or abscesses are relatively common in breastfeeding women and can progress rapidly. Mastitis is most frequently caused by S. aureus from the nursing baby and should be treated with antibiotic therapy. Mastitis for which treatment is delayed or inadequate can progress to abscess formation. For patients who fail antibiotic treatment or in whom abscess is suspected, breast ultrasound is recommended. Mammogram is not usually needed unless malignancy is suspected. The ultrasound appearance of mastitis includes increased parenchymal echogenicity, thickening/edema of the skin, increased vascular flow on Doppler imaging, dilated lymphatics, and enlarged reactive axillary/intramammary lymph nodes. A breast abscess usually appears as a round or irregular hypoechoic (homogenous or heterogeneous) fluid collection, often with fluid-debris levels or mobile debris on real-time imaging. There may be posterior acoustic enhancement and increased peripheral vascularity.
If breast ultrasound demonstrates findings consistent with breast abscess, ultrasound-guided needle aspiration can be performed, both for therapeutic and diagnostic measures to obtain an aspirate for culture and sensitivity. If the abscess persists on follow-up ultrasound imaging, the procedure can be repeated until the abscess is no longer visible and the patient is asymptomatic. If the abscess is not amenable to needle aspiration, surgical incision and drainage may be necessary to treat the patient [8, 11, 17, [20] [21] [22] .
Granulomatous mastitis is an uncommon inflammatory disease closely associated with pregnancy and lactation. It typically occurs in young women within 5 years of pregnancy [8] . It is a diagnosis of exclusion, with a relatively good prognosis, although its imaging appearance most frequently resembles malignancy. Clinically, it can present as a firm or hard mass typically sparing the subareolar breast and can have associated reactive lymphadenopathy. Corticotherapy is usually effective. Because of an association with Corynebacterium, penicillin and tetracycline should be effective if the bacteria are isolated in microbiology or pathology [8, 11] .
Nipple-Areolar Complex
Disorders of the nipple areolar complex can occur during pregnancy, lactation, or after breastfeeding. Benign processes that may affect the nipple-areolar complex include nipple inversion related to scarring or constriction of the milk ducts after breastfeeding, eczema, duct ectasia, subareolar abscess, nipple adenomas, and papillomas. Malignant processes include invasive or noninvasive breast cancer, Paget's disease, and lymphoma. Patients may present with nipple inversion, retraction or enlargement, a palpable mass, nipple discharge, skin changes in and around the nipple, infection with resultant nipple changes or a subareolar mass, or abnormal findings at routine mammographic screening. Physical examination by the patient's primary care physician, dermatologist, or surgeon should be part of the diagnostic workup. Skin changes, especially if persistent after trial of appropriate therapy with moisturizers or antibiotics depending on the clinical scenario, should be sampled with a skin punch biopsy or nipple wedge resection to exclude Paget's disease. The evaluation and management of these symptoms is the same as in the nonpregnant patient. Disorders of the nipple-areolar complex require a diagnostically specific imaging evaluation beginning with high-frequency transducer sonography.
Nipple Discharge
Bloody nipple discharge is present in up to 20 % of pregnant patients and up to 15 % of lactating individuals [8, 23, 24] . Knowledge of what constitutes abnormal nipple discharge is critical in the appropriate management of this frequent symptom. Spontaneous, clear, bloody, or serous nipple discharge is considered pathologic. Spontaneous nipple discharge constitutes nearly 7 % of all breast complaints [25] . In the lactating patient, true bloody nipple discharge should be distinguished from cracked or bleeding nipples related to nursing.
Bloody nipple discharge can be physiologic during pregnancy occurring most frequently during the third trimester when the vascularity of the breast is highest. Bilateral nipple discharge, discharge arising from multiple duct orifices, or discharge of white or green color is less suspicious. Other etiologies include hypothyroidism, pituitary adenomas, and side effects related to certain classes of medications, such as antiemetics, antihypertensives, psychotropics, hormonal drugs, and H2-receptor antagonists. This type of discharge should be managed clinically and imaging often has no significant role.
Pathologic nipple discharge, from either benign or malignant causes, is usually unilateral and arises from one duct orifice; 1 % to 45 % of women presenting with pathologic nipple discharge will have breast cancer, usually invasive ductal carcinoma [26] . Furthermore, nipple discharge may be the only sign of malignancy. However, the most common mass associated with pathologic nipple discharge is a benign intraductal papilloma.
First-line management in the pregnant patient with bloody nipple discharge is a high-frequency ultrasound of the subareolar region to search for an intraductal mass.
Doppler can be helpful to detect vascularity within an intraductal mass, but the lack of vascularity does not exclude malignancy. Mammography should be considered for further evaluation, but its definitive role in the pregnant patient is not known. In the nonpregnant patient, a mammogram will be positive in 50 % to 90 % of malignancies [27] .
MR ductography uses a heavily weighted T2 sequences, does not require contrast, is noninvasive, and does not use any radiation. MR ductography will demonstrate dilated ducts and show ductal masses as signal defects [28] . Noncontrast MR is not helpful in determining if an intraductal mass is benign or malignant and MR ductography is not widely available at most institutions. In general, for persistent pathologic nipple discharge, if an intraductal mass is not identified on ultrasound or at mammography, the patient should be referred to a breast surgeon for possible surgical duct excision.
Imaging Workup

Ultrasound
Real-time, gray-scale and color Doppler sonography with a linear, high-frequency transducer is the initial step in the imaging evaluation of symptomatic patients pregnant or nonpregnant who are younger than age 30 years. It is noninvasive and highly sensitive (nearly 100 %) and does not expose the patient to ionizing radiation [8] . Recent data suggest that ultrasound also may be the first line of imaging for all women younger than age 40 years [29] .
On review of 22 cases of PABC, Ahn et al. reported a slightly higher sensitivity of ultrasound (100 %) compared with mammography (87 %) [3] . Robbins et al. assessed the accuracies of both mammogram and ultrasound in their review of 134 lesions detected during pregnancy or postpartum period. Individually, the sensitivity of mammography and sonography was 100 %. The specificity of each was 93 % and 86 %, the positive predictive values were 40 % and 19 %, and the negative predictive values were 100 % and 100 % respectively.
Mammography
Radiation is an important consideration in the pregnant patient because of concerns about exposure to both the mother and fetus. With current digital mammography techniques, the mean average glandular dose from a bilateral two-view digital mammogram is 3.7 mGy compared with 4.74 mGy (22 % decrease per acquired view) from filmscreen mammography.
Many of the articles reporting on the radiation dose of mammography to the fetus have estimated fetal dose ranging from 0.01 Gy to 0.004 Gy [8, 9] , far less than the radiation dose of 0.05 Gy that is estimated to induce fetal malformations [30] . Based on this information, the authors conclude that mammography during pregnancy is safe, yet should be avoided during the first trimester when organogenesis occurs [2, 8] .
Subsequent articles report the dose to the fetus from a digital mammogram with proper abdominal shielding to be even less and therefore negligible [31] . Sechopoulos et al. prospectively determined the radiation dose to the organs of the body, including the uterus from a bilateral two-view mammogram using Monte Carlo simulations and a phantom. The simulation used clinically relevant x-ray energies and the effect from using abdominal shielding (thickness of 0.25 mm resulting in absorption of 99.7 % of x-rays of 35 keV) also was investigated. He concluded that the radiation dose to all tissues other than the breast is extremely low and that, specifically, the dose to the first-trimester fetus is minimal [32] . Counseling the pregnant women before mammography may help to alleviate concerns and has been covered in detail in a recent review article [33] .
Another consideration to be given to mammography is the radiographic density of the breast tissue during pregnancy. However, it should be noted that not all pregnant or lactating women demonstrate a significant increase in parenchymal density above baseline [9] . Furthermore, mammographic breast density in the lactating woman can be decreased by imaging directly after nursing. Mammography is superior to ultrasound in detecting and evaluating microcalcifications as well as architectural distortion. Many studies have demonstrated the ability of mammography to detect cancer despite dense breast tissue [2, 8, 9] . Yang et al. in a retrospective review of 20 pregnant patients imaged preoperatively found the sensitivity of mammography to be 90 % for detecting suspicious features of malignancy. Thirty-three percent of these tumors exhibited secondary features of malignancy, considered to be more subtle and felt to contribute to the false-negative rate associated with mammography during pregnancy [9] .
Magnetic Resonance Imaging
Breast magnetic resonance imaging (MRI) is generally not considered a useful diagnostic tool in pregnant and lactating patients for several reasons. First, intravenous gadolinium is administered as a contrast agent in these studies. Although very little of this agent crosses the placenta [34] , it is a class C drug and most institutions will not use it unless the benefit outweighs the risk for the mother's health. Second, because of the rapid enhancement of lactating breast parenchyma with gadolinium, the detection of breast cancer is significantly limited [8] . Last, there is concern about a breastfed baby's exposure to gadolinium. Previous guidelines indicate that the mother should discontinue breastfeeding or discard pumped breast milk for 24 hours following its administration. However, some conclude that mothers receiving gadolinium contrast can safely breast feed without cessation [34] because of the very small amount of gadolinium excreted in breast milk (less than 0.1 % of the dose administered to the mother), the very small amount of gadolinium that enters the gut of the breastfed infant (<1 % of the recommended IV dose for an infant), and the very small amount absorbed from the gut by the infant.
Image-Guided Procedures
The effect of pregnancy on benign lesions and carcinomas results in significant overlap in their imaging appearances. Due to this overlap, distinguishing benign lesions from breast cancer can be difficult and biopsy may be indicated. In general, core needle biopsy, fine needle aspiration, and excisional surgical biopsy during pregnancy and lactation are safe. However, ultrasound-guided core biopsies offer additional advantages with minimal risk to the patient or the fetus. It provides adequate specimens for confident diagnosis and further evaluation with staining or immunohistochemical assays and yields low false-positive results with an accuracy of 99 %. Because of hyperplastic changes with atypia during pregnancy, fine aspiration can produce false-positive results and thus the interpretation should be made by a skilled pathologist informed of the patient's pregnant or lactating status. Furthermore, ultrasoundguided biopsy eliminates risks associated with surgery and anesthesia and is less expensive.
Patients should be counseled of the potential risks and benefits of core biopsy. Risks include: infection, hematoma, bloody nipple discharge shortly after biopsy, failure to obtain a diagnostic specimen, pneumothorax, and a rare complication that is unique to the lactating patient, known as a milk fistula. The risk of infection after core biopsy is extremely low with proper aseptic technique. Because of increases in vascularity to the breasts during pregnancy and lactation, there may be slightly more bleeding during the biopsy than in nonpregnant patients. If the suspicious abnormality is located near the nipple, patients may experience bloody nipple discharge for several days following the biopsy. The potential complication of a milk fistula using this biopsy technique has been case reported but is extremely uncommon [35] . This complication is more common following open surgical biopsies. Although not life-threatening, a milk fistula can be an annoyance to the patient and difficult to manage. The fistula may dry up spontaneously or resolve only after the cessation of breastfeeding. These small risks should not prevent biopsy of a suspicious abnormality.
Conclusions
The majority of breast disorders that occur in nonpregnant patients also occur in pregnant patients, including breast malignancy. Pregnancy-associated breast cancer is a rare but important phenomenon, because there is the potential for considerable delay in diagnosis and treatment in the pregnant or lactating patient. Although breast cancer is uncommon in pregnancy, obstetric providers should be familiar with evaluating presenting signs and symptoms to minimize this delay. All breast symptoms in the pregnant patient, but particularly palpable masses, should be carefully evaluated with physical examination and initial diagnostic ultrasound. Mammography with abdominal shielding may safely be used throughout pregnancy without harm to the fetus but may be reserved for evaluation of suspicious lesions detected at initial diagnostic ultrasound.
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